Maximum Likelihood (ML) and Bayesian analyses (BI) applied for 3-plastid loci (cpDNA trnL (UAA) intron, trnL-trnF IGS, and rpl32-trnL (UAG) IGS regions) / 65 tips matrix resulted in preliminary phylogenetic reconstruction of the genus Atraphaxis. In combination with the morphological data the obtained phylogeny appears sufficient for recognition of challenging taxonomic entities. We found that a collection of Atraphaxis from the Dzungarian Gobi, which appears to be phylogenetically related to A. pungens, is morphologically different from the latter by the predominantly dimerous perianth and gynoecium, shorter outer perianth segments, and the absence of the spiny shoots. It also differs from all other species of Atraphaxis that occur in Mongolia and neighboring countries. As a result, we described the novel endemic species Atraphaxis kamelinii O.V.Yurtseva sp. nov. More investigations are necessary to fully understand the origin of the newly described species.
Introduction

TABLE .
Summary of pollen size (Ryabkova 1987 , Bao & Li 1993 , Ge & Liu 1994 , Yurtseva et al. 2014 25.9 (20.8-31.9) 27.1 (22.5-30.0) 38.1 (35.0-41.3) 2n = 16 (Ekimova et al. 2009 (Ekimova et al. , 2012 ) 2n ≈ 45 (Edman 1931 Irregularities in the number and location of the pollen ectoapertures are found in plant polyploids (Hong & Lee 1983; Van Leewen et al. 1988 , Mignot et al. 1994 , Nadot et al. 2000 Hong et al. 2005) , and particularly observed in Polygonum (Borzova & Sladkov 1968 , 1969 , as well as in Atraphaxis. While putative diploids have small tricolporate pollen grains, a great portion of large 4-loxocolporate, 6-pantocolporate, syncolporate pollen, or pollen with ring-like shape of ectoapertures was detected in A. laetevirens Jaub. & Spach, A. pyrifolia Bunge, A. seravschanica Pavlov (Ryabkova 1987), A. aucherii Jaub. & Spach, A. billardierei, A. canescens Bunge, A. compacta Ledeb., A. decipiens Jaub. & Spach, A. frutescens, A. karataviensis Pavlov & Lipsh., A. muschketowi Krasn., A. replicata, A. rodinii Botsch., A. spinosa, A. teretifolia, A. virgata (see more in Yurtseva et al. 2014) .
Agamospermy (diplospory) is often accompanied by hybridization and allopolyploidy in plants (Carmak 1997 , Whitton et al. 2008 , Lo et al. 2010 and also seems to be the way of "stabilizing" hybrids (e.g., Campbell et al. 1997 , Fehrer et al. 2007 , Krak et al. 2013 . In Atraphaxis, this phenomenon was undoubtfully documented for A. frutescens (Edman 1931; Sitnikov 1986 Sitnikov , 1991 .
In the light of the nomenclatural confusion and paucity of diagnostic characters in Atraphaxis, a molecular phylogenetic approach in combination with morphological analysis may be useful for the delimitation of the taxa. Putative hybridization, allopolyploidy and agamospermy create certain difficulties for ITS-based phylogenetic reconstructions (Baldwin et al. 1993 , Wendel et al. 1995a , b, Wendel 2000 , Buckler & Holtsford 1996 , Buckler et al. 1997 , Barkman & Simpson 2002 , Álvarez & Wendel 2003 , Bailey et al. 2003 , Volkov 2007 Poczai & Hyvönen 2010) . Therefore, in this study, we focused mostly on plastid sequence data as well as on the analysis of morphological traits.
Recent molecular phylogenetic reconstructions based on plastid regions (rbcL, matK, trnL-trnF) as well as on the nuclear loci LEAFY and ITS1-2 (Lamb Frye & Kron 2003 , Galasso et al. 2009 , Sanchez et al. 2009 , 2011 , Yurtseva et al. 2010 , Schuster et al. 2011a , b, 2015 showed that Atraphaxis is a sister of Polygonum s. lat. (incl. Polygonella) (tribe Polygoneae). These phylogenetic reconstructions led to re-evaluations of the generic circumscription of Atraphaxis. For example, based on the results of phylogenetic analyses, several species of Polygonum, with equal-sized perianth segments but the stem lignification and habit typical of Atraphaxis, have been transferred to Atraphaxis (Yurtseva et al. 2010 , Schuster at al. 2011b , Yurtseva et al. 2012 , and these results were confirmed by observations of pollen morphology (Yurtseva et al. 2014) , life history, and other morphological chracteristics (Yurtseva et al. 2016) . The latest yet preliminary circumscription of Atraphaxis (Schuster et al. 2011a, b; Tavakkoli et al. 2015; Yurtseva et al. 2016) The phylogenetic analyses of Atraphaxis (21 species) (Zhang et al. 2014) argue for the division of the genus into two major clades, with A. teretifolia (monotypic A. section Physopyrum) nested in one subclade, and A. section Atraphaxis, which includes the generic type A. spinosa, as part of the second subclade. Dual or ambiguous positions of some accessions in the plastid phylogeny of Zhang et al. (2014) were possibly caused by erroneous determination of the voucher specimens or reciprocal hybridization of parental species both served as maternal plants for the hybrids.
The most recent phylogenetic approach of Tavakkoli et al. (2015) , based on 11 species of Atraphaxis (nrDNA ITS1-2 plus combined cpDNA matK and rpl32-trnL (UAG) data sets), do not support the traditional sectional division of Atraphaxis s. str. (Jaubert & Spach 1844 -46, Meisner 1857 , Boissier 1879 , Pavlov 1936 , Lovelius 1979 . Tavakkoli et al. (2015) also recovered Polygonum sect. Spinescentia Boiss. as a sister to Atraphaxis and transferred this clade to Atraphaxis under the name A. sect. Polygonoides Tavakkoli & Osaloo Kasempoor. According to Tavakkoli et al. (2015) , A. sect. Polygonoides includes former Polygonum aridum Boiss. & Hausskn., P. botuliforme Mozaffarian, P. dumosum Boiss., P. khajeh-jamali Khosravi & Poormahdi, P. salicornioides Jaub. & Spach, and P. spinosum H.Gross. However, all of these species are quite different from Atraphaxis, as this genus is treated traditionally (Yurtseva et al. 2016) , in habit, perianth morphology, and the ornamentation of the sporoderm. Therefore, the attribution of this group to Atraphaxis by Tavakkoli et al. (2015) is questionable from a morphological standpoint (Yurtseva et al. 2016) .
Our phylogenetic and palynological studies placed a morphologically distinctive endemic from Pamir, Polygonum ovczinnikovii Czukav. (Czukavina 1962) , into Atraphaxis (Yurtseva et al. 2012 (Yurtseva et al. , 2014 , which was subsequently recognized as A. ovczinnikovii (Czukav.) O.V.Yurtseva. This species turned out to be represented by two species, which were transferred to a new genus, Bactria O.V.Yurtseva & E.V.Mavrodiev (Yurtseva et al. 2016) , due to the differences in the morphology of perianth, ochreas and sporoderm ornamentation. The last example shows that a thorough investigation of morphology combined with molecular study helps to resolve taxonomical problems. (Krasnov 1888) . Grubov (1982) , Borodina (1989) , and Gubanov (1996) listed A. bracteata as present in Dzungarian Gobi, Mongolia, but their characters only weakly correspond to the morphology of the type specimen of A. bracteata (LE!). We therefore suggest that the presence of A. bracteata was erroneously indicated for the Dzungarian Gobi and some other regions of Mongolia.
Cleary, the genus Atraphaxis requires a taxonomic revision, and our recent work is the first step towards synthesizing the recent findings and adding new data to resolve the phylogeny of this group. Due to the number of plastid loci, our phylogeny still remains preliminary, but in combination with the morphological data it appears sufficient for recognition of challenging taxonomic entities.
In this study we aimed, 1) to obtain the best sampled phylogeny of Atraphaxis using three regions of the plastid genome (trnL (UAA) intron, trnL-trnF IGS, and rpl32-trnL (UAG) IGS); 2) to specify the phylogenetic placement of one of the specimens from the Dzungarian Gobi previously identified as A. bracteata; 3) to investigate whether there are morphological apomorphies that distinguish the latter from other species of Atraphaxis growing in Mongolia.
Materials & Methods
Plant Material
The morphological study involved ca. 1000 specimens of Atraphaxis and Polygonum stored in the herbaria of V.L.Komarov Botanical Institute (LE); Lomonosov Moscow State University, Moscow, Russia (MW); Tsitsin Main Botanical Garden, RAS, Moscow, Russia (MHA); and Main Botanical Garden, National Academy of Science, Bishkek, Kyrgyzstan (FRU).
The identification of the samples used in the study was conducted after examination of the type specimens of species of Atraphaxis and Polygonum (LE, MW), or their high-resolution images (P-https://science.mnhn.fr/taxon/ genus/atraphaxis, LINN-http://linnean-online.org/linnaean_herbarium.html, B-http://ww2.bgbm.org/herbarium/). Taxonomic treatments of Atraphaxis from Turkey (Cullen 1967) , Pakistan (Qaiser 2001) , Iran (Rechinger & SchimanCzeika 1968 , Tavakkoli et al. 2015 , the former USSR (Pavlov 1936 , Grossheim 1930 , Grossheim 1945 , Krechetovitch 1937 , Rzazade 1952 , Drobow 1953 , Kastschenko 1953 , Avetisjan 1956 , Bajtenov & Pavlov 1960 , Kovalevskaja 1971 , Kutateladze 1975 , Kashina 1992 , Nikiforova 2005 , Grabovskaya-Borodina 2012 , Central Asia (Borodina 1989) , Mongolia (Gubanov 1996) , and China (Bao & Grabovskaya-Borodina 2003) were consulted for identification of our specimens.
The morphological characteristics of the specimens from the Dzungarian Gobi (Table 2 ) were compared to some species listed in the flora of Mongolia (Grubov 1982 , Borodina 1989 , Gubanov 1996 , Bao & Grabovskaya-Borodina 2003 The molecular study involved 33 species (65 accessions) of Atraphaxis, 6 species of Polygonum sect. Spinescentia, and Bactria ovczinnikovii. Appendix 1 contains voucher information and GenBank accession numbers for the samples used in the study.
TABLE .
Characteristics of Atraphaxis pungens, the Dzungarian Gobi collection (= A. kamelinii), A. compacta, A. bracteata, and A. virgata (Tavakkoli et al. 2010 , Schuster et al. 2011a . The primers of Taberlet at al. (1991) and Shaw et al. (2007) were used for amplification of these regions.
PCR was performed in a 0.02 ml mixture containing 10-20 ng DNA, 5 pmol of each primer and MaGMix (Dialat LTD, Russia), containing 0.2 mM of each dNTP, 2.0 mM MgCl 2 , and 2.5 units of Smart Taq polymerase. 1.0 mM of DMSO was included for amplification of nrDNA regions with high GC content.
Amplification of nrDNA ITS and cpDNA trnL (UAA) intron and trnL-trnF IGS regions was performed under the following cycling conditions: hold 95°C, 3 min; 94°C, 30 s; 58°C, 30 s; 72°C, 30 s; repeat 30-33 cycles; extend 72°C, 3 min. Amplification of the rpl32-trnL (UAG) IGS region was performed using the following program: hold 95°C, 3 min; 94°C, 30 s; 52°C, 30 s; 72°C, 60 s; repeat 35 cycles; extend 72°C, 5 min.
Purification of PCR products and DNA sequencing Amplification products were purified by electrophoresis (Sambrook et al. 1989 ) and one-band DNA fragments were extracted from the gel and purified using the GFX TM PCR DNA, Gel Band Purification Kit (GE HealthCare, USA) or Evrogene Cleanup Mini kit (Russia). The purified PCR products were then used as a template in sequencing reactions with the ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, USA) following the standard protocol provided for a 3100 Avant Genetic Analyzer (Applied Biosystems, USA). Sanger sequences were produced at the Genome Center (Engelhardt Institute of Molecular Biology RAS, Moscow). Forward and reverse sequences were assembled and edited with BioEdit v.7.2.0. (Hall 1999) .
Sequences used in phylogenetic analyses and the alignment strategy
Our present study of Atraphaxis incorporates the members of the genus Atraphaxis as circumscribed by Yurtseva et al. (2016) , the members of Polygonum sect. Spinescentia, which rank clearly requires future clarification, and Bactria ovczinnikovii, which was selected as an outgroup based on the previous results (Yurtseva et al. 2016) .
Voucher information and GenBank numbers are presented in Appendix 1. All sequences were aligned using MAFFT (Katoh et al. 2002; Katoh & Standley 2013 ) following MAFFT's L-INS-i alignment strategy (Katoh et al. 2002; Katoh & Standley 2013) , with the default settings set for the gap opening penalty and the offset value.
Aligned plastid matrices were manually concatenated and analyzed as a single contiguous dataset. The combined aligned chloroplast matrix for cpDNA trnL (UAA) intron, trnL-trnF IGS, and rpl32-trnL (UAG) IGS regions includes 2199 characters for a total of 72 accessions. For the cpDNA rpl32-trnL region 33 accessions were produced for this study, 27 were generated previously, and 11 were downloaded from GenBank (2015) http://www.ncbi.nlm.nih.gov). For the trnL (UAA) intron, trnL-trnF IGS regions, 25 accessions were obtained for this study, and 27 were sequenced previously.
Phylogenetic analyses
The Maximum Likelihood (ML) analysis was performed with PhyML v. 3.0 (Guindon & Gascuel 2003 , Guindon et al. 2010 , with an estimated proportion of invariable sites and empirical nucleotide equilibrium frequencies. We took a BioNJ tree as the starting tree, and defined the strategy of the tree topology search as ''best of NNIs and SPRs'' following with ten random starts. The GTR + G + I model was determined as the best choice for both Bayesian and ML analyses following the automatic PhyML Smart Model Selection option (Guindon et al. 2010 ) based on Akaike information criteria. Branch supports were calculated with the approximate likelihood-ratio test (aLRT) (Guindon et al. 2010) .
A Bayesian analysis (BI) was conducted with MrBayes v. 3.1.2 (Ronquist & Huelsenbeck 2003) as implemented in CIPRES (Miller et al. 2010) . Two runs with four chains each were run for 10 million generations with a burning of 2.5 million generations; the chains were sampled every 1000 generations with default parameters. At the end of the runs, the standard deviation of split frequencies between the two runs had fallen to 0.0060. Tracer ver. 1.6 (Rambaut et al. 2014 ) was used to confirm that chains had converged and a plateau in likelihoods was obtained.
We use following terminology to describe levels of statistical support-"moderate": 0.80-0.90 aLRT/0.90-0.95 Bayesian posterior probabilities (pp) and "strong" (or well): 0.91-1.00 aLRT/0.96-1.00 pp.
Light microscopy (LM)
LM-images were made with the stereoscopic microscope Stemi 2000-C Carl Zeiss (Zeiss, Germany) using the camera Axiocam-MR and program AxioVision V. 4.8 free edition. The samples used for photographing and measurements are listed in Appendix 2.
Results
Plastid phylogeny of Atraphaxis
The results of ML and BI of the combined chloroplast data matrix with Bactria ovczinnikovii , taken as an outgroup, showed (Fig. 1) (Fig. 1) .
Position of the collection from the Dzungarian Gobi in plastid topology
The collection from the Dzungarian Gobi, Mongolia (LE) was identified as most similar to A. bracteata by R. Kamelin, but in our plastid topology it is well-supported (0.94/0.99) as a sister to a moderately supported subclade of three accessions of A. pungens (0.87/0.93) (Fig. 1) . Atraphaxis bracteata (157) from China is not closely related to the collection from the Dzungarian Gobi, nor does it belong to the Mongolian A. virgata, which is in a different subclade with A. frutescens. This result clearly demonstrates that the collection from the Dzungarian Gobi is not related to A. bracteata or A. virgata by maternal lineage. The collection from the Dzungarian Gobi is also distant from A. spinosa and A. compacta, which are likely part of the most derived subclade in Atraphaxis (Fig. 1) .
Morphological distinctions of the collection from the Dzungarian Gobi from the other species from Mongolia
The collection from the Dzungarian Gobi is a shrub with racemes of bracteose thyrses 10-12 cm long composed of 5-10 well spaced out cymes of 1-2 flowers (Figs. 2-3) , leaf blades elliptical to rhomboid-elliptical, with pinnate venation visible adaxially and abaxially (Fig. 3C-D) , perianth tetramerous or pentamerous (Fig. 4A-D) , achenes lenticular or triquetrous with three style branches fused at the base, and capitate stigmas (Fig. 4D-G) .
The comparison of our specimen with other species growing in Mongolia (Table 2) shows that the collection from the Dzungarian Gobi has a combination of characteristics of A. pungens, A. compacta, and possibly A. virgata.
It resembles A. pungens in the creamy color of its annual shoots and the elliptical to rhomboid-elliptical leaf blades, which in A. pungens vary in shape from elliptical to oblanceolate, and are obtuse, shortly acuminate, or shortly pointed. In contrast to the second-year shoots of A. pungens, which have the gray bark, the second-year shoots in the specimens from the Dzungarian Gobi have the creamy-pinkish bark. Atraphaxis pungens has compact thyrses which are 1.5-3 cm long, composed of 5-6 congested cymes of 2-6 flowers; the thyrses occupy lateral positions at annual or second-year shoots, the latter later becoming spiny. The collection from the Dzungarian Gobi has unarmed shoots with elongated thyrses which are 10-15 cm long, composed of 5-10 well-spaced cymes of 2 flowers; the thyrses terminate annual shoots and axillary branchlets, which appear simultaneously with the terminal thyrse, e.g. sylleptically (Weberling 1989) , so the annual shoots are terminated by the racemes of thyrses.
The collection from the Dzungarian Gobi often has a tetramerous perianth and lenticular achenes, which are characteristics of A. sect. Atraphaxis. Of 34 flowers examined, 62% had a tetramerous perianth and lenticular achenes, 6% had a tetramerous perianth and trigonous achenes, 6% had a pentamerous perianth and lenticular achenes, and 26% had a pentamerous perianth and trigonous achenes. The collection from the Dzungarian Gobi has circular-reniform inner segments which are 4.5-5.0 × 6.0-6.5 mm in size, outer segments of 2.0-2.5 × 3.0 mm, and a short filiform part of the perianth tube 2.0-2.5 mm long, which is equal in length to the outer segments and is joined to a pedicel with articulation ( Fig. 4A-D, 5A-B) . Judging by the perianth size (Table 3) , this collection is close to A. compacta from Kazakhstan (Fig. 5C ), or A. replicata from Kyrgyzstan (Fig.  5D) .
Atraphaxis pungens has a pentamerous perianth and trimerous achenes ( Fig. 5F-I ). Three inner segments are rotundate-reniform, 5.0-7.0 × 4.5-8.2 mm in the fruiting stage. Two outer segments are oblong-ovate, 3.3-5.6 × 2.7-4.1 mm long. The filiform part of the perianth tube (3.0-7.0 mm long) is usually twice as long as the outer segments, and longer than in the collection from the Dzungarian Gobi. The achenes of A. pungens are trigonous, rhomboidelliptical or pyriform, black and glossy, with three style branches fused at the base, and small stigmas (Fig. 5J-L) .
The ratio of inner to outer segment length varies in range 1.3-1.7 in A. pungens, and is equal to 2.1 in the collection from the Dzhungarian Gobi, varying in range 2.0-2.5 in A. compacta and A. replicata (Table 3 , Fig. 5C-D) . The filiform part of the perianth tube joined to a pedicel has similar length in the collection from the Dzungarian Gobi, A. compacta, and A. replicata (Table 3) .
Despite the mainly tetramerous perianth with circular-reniform inner segments, the short filiform part of the perianth tube, and lenticular achenes, the collection from the Dzungarian Gobi is habitually different from A. compacta and A. spinosa from the type section of Atraphaxis, which occur in Mongolia. These species are small shrubs with short spiny shoots and lateral compact thyrses 1.0-1.5 cm long composed of 5-6 congested cymes of 1(2) flowers.
The specimen from the Dzungarian Gobi in the overall appearance resembles A. bracteata and A. virgata, which are shrubs with straight elongated shoots terminated by the racemes of thyrses. However, A. virgata differs by its oblanceolate leaf blades with a finely crenulate-papillate, slightly revolute margin, smooth or longitudinally wrinkled (when dried) at the upper surface, with a single main vein beneath. It has terminal recemes of thyrses composed of 20-23 congested cymes of 1-2 flowers; the perianth with cordiate or oblong-elliptical inner segments (Fig. 5E) , and lightbrown trigonous achenes. Atraphaxis bracteata differs by its obovoid or broadly oval leaf blades which are sharply pointed and strongly undulate at margin, and its perianth with sub-equal segments, the outer ones spread horizontally in fruiting. Hence, our specimen from the Dzungarian Gobi is fairly different from both taxa. 
6.0-6.3 × 7.4-7.5 2.2-2.5 × 2.2-2.5 2.5/3.0 1.5-1.7 4.8 × 4.1 . replicata, 5.1-6.5 × 6.8-9.0 2.8 × 2.4 2.0/3.8 2.3-2.5 4.5-5.0 × 3.5-4.0 IS-inner segment of perianth, OS-outer segments of perianth. Numbers in brackets are sample numbers in Appendix 1.
A
Discussion
Plastid phylogeny of Atraphaxis
The results of the Maximum Likelihood and Bayesian analyses of the combined plastid data matrix confirmed Polygonum sect. Spinescentia (Atraphaxis sect. Polygonoides) as a sister of the narrowly defined Atraphaxis with 33 species (Tavakkoli et al. 2015; Yurtseva et al. 2016) (Fig. 1) .
We also confirmed that Atraphaxis botuliformis (Polygonum botuliforme) is deeply nested in Atraphaxis in plastid phylogeny. This caespitose perennial herb, with sausage-shaped succulent leaves and axillary cymes of flowers at annual shoots, is a local endemic of Central Iran (Tehran region) (Mozaffarian 1988 (Mozaffarian , 2012 . It is morphologically quite different from other species of Atraphaxis but has the striate-perforate ornamentation of sporoderm (Tavakkoli et al. 2015) , peculiar to Atraphaxis (Yurtseva et al. 2014) . In ITS-based phylogeny it is however nested in Polygonum sect. Spinescentia (A. sect. Polygonoides) (Tavakkoli et al. 2015 , Yurtseva et al. 2016 . This conflict likely indicates the ancient hybrid origin of A. botuliformis and needs special study.
Atraphaxis sect. Atraphaxis is characterized by having a tetramerous perianth and a dimerous gynoecium, and it is likely the most derived clade of Atraphaxis, which, if A. binaludensis is included, has moderate support (0.81/0.92). Similarly to many members of A. sect. Atraphaxis, A. binaludensis has spinescent shoots, broadly obovate-rhomboid small (5-6 × 4-5 mm) leaf blades with abaxially prominent reticulate nervation and a slightly revolute margin, but differs by a pentamerous perianth (Tavakkoli et al. 2014) , common in A. sect. Tragopyrum. A presumable hybrid origin of this taxon needs additional study. A pentamerous perianth is also usual in a presumable hybrid of A. fischeri and A. frutescens, in which a pentamerous perianth and trigonous achenes, and a tetramerous perianth and lenticular achenes can be found with the same frequency.
We confirmed the monophyly of A. teretifolia (monotypic A. sect. Physopyrum) (Zhang et al. 2014) , which is a sister to the clade of morphologically distinct A. caucasica, A. badghysi, and A. rodinii, though there is no support for this relationship. As shown by Zhang et al. (2014) , we confirm that A. sect. Tragopyrum is polyphyletic and requires further revisions (Fig. 1 ).
Placement and morphological distinctions of the collection from the Dzungarian Gobi
The collection from the Dzungarian Gobi appeared as a strongly supported sister to the A. pungens clade. However, the morphological characteristics of this collection only partly correspond to the morphology of A. pungens (Table 1, . The collection from the Dzungarian Gobi region has creamy second-year shoots, terminated by racemes of elongated thyrses with well-spaced cymes of 2 flowers, a mainly dimerous perianth with circular-reniform inner segments which are 2.0-2.5 times longer than its outer segments, the latter being equal to the filiform perianth tube, and mainly lenticular achenes (Figs. 2-4) . Atraphaxis pungens has stout, spiny second-year shoots covered with gray bark, compact lateral thyrses with congested cymes of 2-6 flowers, a pentamerous perianth with inner segments, which are 1.3-1.7 times longer than outer segments, the latter being equal to or shorter than the filiform perianth tube, and trimerous achenes (Fig. 5F-L) . Both taxa share glaucous rhomboid-elliptical or elliptical leaf blades and black shiny achenes with short styles fused at the base.
Due to the mostly maternal inheritance of plastids in Angiosperms (Hagemann & Schröder 1989) , the highly supported grouping of the collection from the Dzungarian Gobi with A. pungens in the plastid topology of Atraphaxis (Fig. 1 ) might indicate that A. pungens (or any closely related taxon) served as a putative maternal plant for this collection.
The collection from the Dzungarian Gobi is also clearly distinct from all other taxa growing in Mongolia and China (Grubov 1982 , Borodina 1989 , Gubanov 1996 . In particular, it strongly differs from A. bracteata (LosinaLosinskaya 1927) in various aspects (Table 2) .
Atraphaxis bracteata is characterized as a 1-3 m tall shrub with racemes of thyrses, green, leathery, broadly obovate or oval leaves, sharply pointed at the tip and strongly undulate at margins. The perianth has subequal segments, three reniform-orbicular inner ones surrounding the achene, and two spreading outer segments when in fruit (Bao & Grabovskaya-Borodina 2003) .
Among all of the species reported from Mongolia, the accession from the Dzungarian Gobi most corresponds to the description of A. virgata as "a shrub 1.5-2 m tall with gray-green oblanceolate or oblong-elliptical leave blades with veins that are conspicuous only abaxially, margin flat or slightly downward revolute" (Krasnov 1888 , Gubanov 1996 , Borodina 1989 , Bao & Grabovskaya-Borodina 2003 . But in contrast to A. virgata, which is characterized by racemes of thyrses with 20-23 congested cymes of flowers, oblong-elliptical inner segments, and light-brown trigonous achenes, our plant has well-spaced 5-10 cymes, leaf blades with veins visible adaxially and abaxially, circular-reniform inner segments, often dimerous flowers, and black achenes.
In short, the collection from the Dzungarian Gobi combines the shrubby habit and the racemes of thyrses present in A. virgata and A. bracteata, the elongated thyrses with far-spaced cymes of flowers peculiar of A. bracteata and A. frutescens, the elliptical or rhomboid-elliptical leaf blades of A. pungens and A. compacta, the circular-reniform inner perianth segments and lenticular achenes of A. sect. Atraphaxis, and black color of achenes peculiar of A. pungens.
Combined with the results of the phylogenetic analysis (Fig. 1) , and due to the morphological distinctiveness of the collection from the Dzungarian Gobi, we describe it as the new species Atraphaxis kamelinii O.V.Yurtseva, spec. nov. The possibility of a hybrid origin of this species and its relationship with A. pungens (or a closely related taxon), a putative maternal parent, needs to be examined with nuclear data and cytological studies.
Conclusions
1. The preliminary 3-loci/65 tips plastid phylogeny of Atraphaxis showed that the morphologically distinct collection of Atraphaxis from the Dzungarian Gobi, which had previously been assigned by R. Kamelin (LE) to Atraphaxis bracteata, is actually closely related to A. pungens.
2. This collection is morphologically quite different from all species of Atraphaxis growing in Mongolia and neighbouring countries (Table 2 ). It combines the morphological characteristics of A. pungens, A. virgata, as well as of the species of A. sect. Atraphaxis, and is recognizable due to its own remarkable morphology.
3. Morphological differences of the collection from the Dzungarian Gobi from A. pungens and other taxa are so noticeable that it deserves to be described as a distinct species, Atraphaxis kamelinii O.V.Yurtseva, spec. nov.
4. The results of the phylogenetic analyses, as well as the unusual morphology of the proposed new species combining characters of several taxa, suggest a possible hybrid origin of the newly described species, but more investigations are necessary to fully understand the origin of A. kamelinii. Shrubs ca 1 m tall. Stem erect, stout, glabrous; woody shoots inclined-spreading, brown, much branched, not spiny, slightly ribbed, creamy, epidermis exfoliating and fibrously disintegrating, making light-brown or creamy wood. Current-year shoots are branched forming racemes of thyrses with branchlets departing at a nearly right angle. Annual shoots and branchlets 10-15 cm long are straight, soon lignified, slightly ribbed, glabrous, leafy with internodes 5-10 mm, or terminated by thyrses 5-10 cm long with 5-10 spaced cymes of 1-3 flowers in axils of developed or reduced leaf blades. Ocreas at vegetative shoots are tubulate, 5-6 mm, membranous, brownish at base, transparent above and cleft into two linear-lanceolate lacinulas with two faintly visible veins at both sides of leaf blade, and finely incisoserrated short middle lacinula. Ocreolas in thyrses are oblique funnel-form, 2-5 mm, membranous, brownish at base, transparent above and cleft into 2 sharp teeth. Leaf blades bluish-green or glaucous, thick, oblong-elliptic, 10-20 × 5-10 mm, gradually narrowed to a petiole 1.5-3 mm, glabrous, with prominent midvein and faint lateral veins. Margin entire, flat, or slightly revolute, glabrous, apex obtuse or short-pointed. Segments 4 or rarely 5, bright-pink; outer segments two, reflexed towards pedicel in fruit, reniform-orbicular, ca. 2.0-2.8 × 3.0 mm, prominently reticulateveined; inner segments two or three, circular-reniform in fruit, 4.5-5.9 × 6.0-7.5 mm in diam., base nearly cordate, venation prominently reticulate, margin slightly undulate. Perianth tube 2.0-2.5 mm, filiform, joined to a pedicel (ca. 4.5 mm long) with articulation. Stamens 8, filaments subulate-lanceolate, gradually dilatated towards base. Achenes 4.2-4.5 × 2.5 mm, ovoid, gradually acuminate, lenticular or unequally-trigonous, with strongly concave faces, ribs sharp, almost winged, surface smooth, glossy, dark-brown to black. Styles 2(3), 0.3 mm long, fused at the base, with stigmas capitate, papillate.
Fl.-May-June. Fr.-June-Aug. Distribution:-Endemic of the Dzungarian Gobi in SW Mongolia, Khovd aimag (Fig. 6) . Ecology:-Mountain slopes, granites, sandy sairs. Etymology:-The species is named after Rudolf V. Kamelin (1938 Kamelin ( -2016 , famous for his studies on the flora and florogenesis of Central Asia. A. compacta, A. replicata, A. virgata, and A. pungens Taxonomic relationships:-The new species might be closely related to A. pungens as a putative maternal taxon, with which it shares the shrubby habit, branchlets of the annual shoots departing at almost right angle, elliptical or rhomboid-elliptical leaf blades, black glossy achenes, perianth size, but differs by creamy-pinkish, not spiny secondyear shoots, and mainly dimerous flowers.
Atraphaxis kamelinii also resembles A. virgata because of the shrubby habit and racemes of thyrses, but differs • Phytotaxa 268 (1) © 2016 Magnolia Press in the shape and venation of leaf blades, far-spaced cymes of flowers, circular-reniform inner segments, and black, glossy, and mainly lenticular achenes. The new species is similar to A. bracteata due to the shrubby habit and racemes of thyrses, but differs by creamy annual shoots, elliptical bluish-green leaf blades entire at the margin, outer perianth segments reflected to a pedicel and mainly lenticular achenes.
It is morphologically similar to A. spinosa and A. compacta with mainly tetramerous flowers, almost reniform inner segments and lenticular achenes, but differs by lacking spiny shoots, elongated thyrses with 5-10 spaced cymes of flowers, and achenes that are almost black and glossy.
Other specimen seen ( 
